The travel time studies are one of the most important measures used for evaluating the performance of road networks. The Global Positioning System (GPS) is a space-based system that provides position and time information in all weather conditions. GPS data could be used to obtain the values of traffic control delay, vehicle queue, average travel time and vehicle acceleration and deceleration at intersections.The task of estimation of delay becomes complex if it is performed for intersections carrying heterogeneous traffic and that to for over saturated conditions. Most of the urban signalized intersections are manually controlled during peak hours. GPS device fitted in a vehicle was run repeatedly during morning peak period and the period during which vehicles were allowed to cross the intersection was recorded with video graphic camera. The attempt to identify the control delay with the GPS data from the test vehicle while crossing manually operated major intersection is presented in this paper.
INTRODUCTION
Intersection delay has a significant impact on the efficient function of an intersection. There is abundance of methods available to measure the intersection delay. Delay at the intersection can be quantified in the following methods. stopped delay, control delay, approach delay, mid block delay, volume delay, geometrical delay, incidental delay and segment delay [1] . The intersection delay models widely used may be the Webster's Delay model, TRANSYT model, Akcelik model and HCM model. But these delay measurements are found to be realistic only when the signals are operated with fixed timings. In oversaturated condition of traffic flow with different static and dynamic characteristics most of the vehicles move in the available lane space, in that situation the accuracy of prediction of control delay is found to be unrealistic. Now-a-days, GPS device is widely used in the prediction of delay from travel time studies. The GPS device used on any vehicle is capable of recording the test vehicles position (latitude and longitude), acceleration, deceleration, distance and speed at specified points. When the test vehicle travels with normal speed along with majority of the vehicles in a traffic flow, the exact path of the test vehicle is identified through satellite signals which are recorded by the GPS device. Each data point recorded by the GPS device includes the vehicle position, speed, time and the distance between the current and the last time points.
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BACKGROUND
The control delay is a portion of the total delay which includes all the delay components, including geometric delay, volume delay and incident delay [1] . Many models have been developed to analyze the traffic flow with homogeneous traffic such as Webster's Delay model [2] , TRANSYT model, Akcelik model and HCM model [3] . Only few studies have been conducted to analyze the delay at signalized intersection for heterogeneous traffic flow for signal optimization [4, 5] , where the efficient function of the intersection is affected by delay components [6] . But practically, it is very complicated to measure these delay components exactly from the existing data. GPS provides a convenient way to measure the travel time data for very accurate location and speed comparison [4, 7] . Joonho Ko, Michael Hunter, Randall Guensler [8] suggest a methodology to measure the control delay based on GPS data. They identified the critical points (acceleration/ deceleration) profile from the speed difference in the test vehicle at fixed signal timings. The intersection control delay can also be taken as the sum of deceleration delay, stopped delay including queue move up time, and acceleration delays. While the test vehicle crawl forward towards the junction where the speed profile is less than 2.5 km/h it is considered as stopped delay. The measurement of these delay components is found to be realistic only for fixed timing of signals at the intersection. The proposed model suggests a methodology for measuring the control delay at manually operated signalized intersection.
DELAY MEASUREMENTS
This paper contemplates on the control delay measurement using the test vehicle GPS data and from the video graphic recording simultaneously done on the same day. The real time complexities at the study junction have to be balanced by the effectiveness in the data collection. All intersection data were collected using two video cameras. First camera was used for measuring the signal timings and intersection flow volume. Second one was used to measure the queue length of the study approach and also to identify the position of test vehicles in the queue. It was also used to measure the stopped delay in each lane for every 5 sec and to estimate the extent of stopped delay for the test vehicle. The signal operation turns to manual in the morning hours from 7.30 am to 12.00 pm and the average cycle time in the study stretch was found to be 192 sec. It has been evaluated that the length of the cycle and the position of the test vehicle in the queue affects the control delay which predicts the overall performance of the intersections.
METHODOLOGY

Data Collection
The following data were collected in the study intersection:
 Intersection Geometry   Signal timing(including the signal timings adopted during the manual control operation)   Proportion of traffic flow in the study stretch   Queue length in the study stretch 
Study Stretch
The study stretch includes the length of the road stretch from smith road junction to a location after (300 metres after Spencer Intersection) Spencer junction. These routes connects the central business district with major commercial, educational and residential zones. The length of study stretch is 600 m.The test vehicle was used to run in the study stretch for four and a half hours from 7.30 am to 12.00 pm. The study utilizes the benefits of GPS to analyze the travel time and control delay and converts the results to useful form for congestion analysis in heterogeneous conditions. Simultaneously, two video graphic cameras were used to measure the signal timings queue length and to exactly predict the location of the test vehicle.
Control Delay Measurement for the Study Stretch
A methodology has been developed to measure the control delay using GPS for manually operated signalized intersection. Also, a comparison of control delay has been Fig. (1) . Study stretch.
suggested from the vehicle arrival pattern, by examining the test vehicle location from the video graphic recording. 12 sample runs were used to identify the deceleration and acceleration profile by detecting the critical points. When the test vehicle approached the Spencer junction the speed profile was used for locating the deceleration beginning point and the deceleration end point. But when the test vehicle crawled forward towards the junction where the speed profile was less than 2.5 km/hr then it was considered as stopped delay in the speed profile [8] . Similarly, the acceleration beginning and acceleration end points were predicted from the speed profile data by locating the critical points. The actual cycle time on each run and the distance where the test vehicle was exactly positioned from the stop line was evaluated from the GPS data and from the video records.
Prediction of Deceleration, Stopped Delay and Acceleration Delay
12 sample runs in the test vehicle were used to measure the delay components. The flow pattern of the two random sample runs was given in Fig. (2) . The flow characteristics of the test vehicle were examined with the real time video graphic data. The test run 1 gave the profile of the sample run with zero stopped delay. The deceleration delay was taken as the time difference between the critical points of the deceleration start and end points in the speed profile. Similarly, the time difference between the critical points from the start point to the end point of acceleration in the speed profile was considered as the acceleration delay. For the run 5 the speed profile with stopped delay where the speed of the test vehicle varied from 2.50 km/hr to 0.00 km/hr [8] .
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RESULTS AND DISCUSSIONS
The average acceleration delay for the test vehicle is 11.4 sec and the average acceleration delays for the test vehicle is 12.4 sec. For RUN5 the stopped delay for the test run is 95.95 sec, and the control delay is 155.5 sec, it is mainly due Fig. (3) . Proportion of deceleration, stopped and acceleration delay. The stopped delay is also influenced by the combination of the vehicle occupying the test run, length of the queue and the cycle time that is used at the particular cycle.
The plot of the stopped delay and the position of the test vehicle from the stop line is shown in Fig. (2) . For the proposed model travel time and delay are extracted from the GPS data sets for all runs. By comparing the results of GPS data with the actual data measured from the video tape are found to be matching. The model developed is only from 12 set of runs in the test vehicle. In addition, modeling with a large sample size would help in Distance Vs Delay estimating the stopped delay in more detail and developing a more accurate model.
RECOMMENDATIONS AND CONCLUSION
Traffic operations are highly variable which depends upon the roadway geometry, vehicle type and its characteristics. But for heterogeneous condition, the following conclusions are recommended based on the GPS survey and on the developed model. Acceleration and deceleration delay is 11.4 sec & 12.4 sec for the study intersection.  It was found that the stopped delay is the main influencing parameter which affects the total control delay and it is mainly based on the vehicle position in the queue, and the manual control of cycle length. The proposed model developed based on the GPS data provides a fairly representative measure of stopped delay at the study intersection, and the manual control of cycle lenght.   Modeling with more number of samples will help in accurate prediction of the stopped delay at the intersection.  The performance of the model will differ for other intersection with varying geometry, traffic and configuration. Further, validating the developed model through simulation software and comparing the results with the real world data will be a scope for further research.
CONFLICT OF INTEREST
